To determine the accuracy of the modified Mallampati test for predicting difficult tracheal intubation. Design. A cross-sectional, clinical, observational, non-blinded study. A quality analysis of anesthetic care. Setting. Operating theatres and department of anesthesiology in a university hospital. Material and methods. Following the local ethics committee approval and patients' informed consent to anesthesia, all adult patients (> 18 yrs) presenting for any type of non-emergency surgical procedures under general anesthesia requiring endotracheal intubation were enrolled. Prior to anesthesia, Samsoon and Young's modification of the Mallampati test (modified Mallampati test) was performed. Following induction, the anesthesiologist described the laryngoscopic view using the Cormack-Lehane scale. Classes 3 or 4 of the modified Mallampati test were considered a predictor of difficult intubation. Grades 3 or 4 of the Cormack-Lehane classification of the laryngoscopic view were defined as impaired glottic exposure. The sensitivity, specificity, positive and negative predictive value, relative risk, likelihood ratio and accuracy of the modified Mallampati test were calculated on 2x2 contingency tables.
INTRODUCTION
Difficult/failed intubation is a significant source of morbidity and mortality in surgical patients. Despite the availability of supraglottic devices for securing the airway (LMA, laryngeal mask airway) or equipment based on sophisticated technologies (fiberoptic bronchoscopy), the inability to maintain efficient ventilation is still a lifethreatening situation for the patient. If, after induction of general anesthesia, adequate oxygenation is impossible ("cannot intubate, cannot ventilate"), urgent cricothyrotomy may be life-saving.
Unanticipated difficult intubation can be a surprising and risky operation for the anesthesiologist. Although all anesthetic departments have guidelines for the management of difficult intubation ("failed-intubation drill"), during any induction of anesthesia, the anesthesiologist must be prepared to handle difficult airways.
If we are able to predict potential difficult intubation during the pre-anesthetic visit, an alternative approach to the airway may be used from the very beginning of anesthesia, so that the risk of hypoxemia associated with difficult intubation is reduced.
The Mallampati test 1,2 is one of the most frequently used clinical scoring systems to predict difficult intubation. The ease of tracheal intubation is determined by many factors, with the laryngoscopic view being the most important one. This study assessed the value of the Mallampati test as a single parameter for predicting impaired glottic exposure during direct laryngoscopy.
MATERIALS AND METHODS
Local ethics committee approval was obtained. This cross-sectional observational study was considered an assessment of the quality of care and did not alter the routine of our department. The patients gave general informed consent to the anesthesia.
During a two-month period, all adult patients (older than 18 years) presenting for any type of non-emergency surgical procedures under general anesthesia requiring endotracheal intubation were enrolled. Excluded were patients undergoing emergency surgery and those indicated for rapid sequence induction or scheduled for fiberoptic tracheal intubation (unstable cervical spine, previous impossible intubation, tumors of the oropharyngeal region). Patients with airway control other than endotracheal intubation were not studied either.
On arrival at the operating theatre, the airway was assessed according to the visible pharyngeal structures. We used the method described by Mallampati et al. 2 and modified by Samsoon and Young 3 (modified Mallampati test, MMT). On examination, the patients were seated with the head in the neutral position and the tongue maximally protruded from the mouth without phonation. We specified Mallampati Classes 1 and 2 as anticipated easy airways, and Classes 3 and 4 as predicted difficult airways 4 -see Table 1 . Following induction of general anesthesia and muscle relaxation, direct laryngoscopy was performed. The laryngoscopic view under optimal conditions ("morningair sniffing position") was described using the Cormack and Lehane 5 grading system -see Table 2 . For the purposes of this study, unanticipated difficult intubation was defined as difficult laryngoscopy with inadequate glottis exposure (corresponding to Grades 3 or 4 in the Cormack and Lehane laryngoscopic view).
Sex, age, weight and height were noted from the anesthetic records as well as the experience (length of practice) of the physician responsible for the anesthesia.
The relationship between the MMT (= predictor) and laryngoscopic view (= predicted parameter) was calculated with Fisher's exact test on a 2x2 contingency 
False negative (FN) = difficult intubation that had been
predicted to be easy.
Sensitivity = percentage of correctly predicted difficult intubations as a proportion of all intubations that were truly difficult [= TP/(TP + FN)]. 6. Specificity = percentage of correctly predicted easy intubations as a proportion of all intubations that were truly easy [= TN/(TN + FP)]. 7. Positive predictive value (PPV) = percentage of correctly predicted difficult intubations as a proportion of all predicted difficult intubations [= TP/(TP + FP)]. 8. Negative predictive value (NPV) = percentage of correctly predicted easy intubations as a proportion of all predicted easy intubations [= TN/(TN + FN)]. 9. Relative risk (RR) = ratio of the probability of difficult intubation occurring in patients with modified Mallampati test Class 3 or 4 vs. those with modified Mallampati test
Class 1 or 2. The 95% confidence intervals are in parentheses. Data calculated from the original article by Mallampati 2 are also presented. The P-value demonstrates the differences between our and Mallampati's results (Fisher's exact test used).
Likelihood ratio for a positive result = indicates how many times the difficult intubation is more likely if it is predicted with the modified Mallampati test. 11. Accuracy = percentage of correct results (both true positives and true negatives) as a proportion of all intubations [= (TP + TN)/(TP + TN + FP + FN)].

RESULTS
A total of 1,518 patients were enrolled in the study. 755 (49.7%) were males and 763 (50.3%) were females. The demographic data (mean age, weight, height, and BMI [body mass index]) are summarized in Table 3 .
Correlation between the modified Mallampati test and glottis exposure (the Cormack and Lehane grading of laryngoscopic view) is shown in Table 4 , which also compares our results with those from the original article by Mallampati et al.
.
There was no correlation between the length of the anesthesiologist's practice and his/her assignments of patients to either modified Mallampati classes or laryngoscopic view grades.
DISCUSSION
The Mallampati test 1,2 is a worldwide used scoring system for predicting difficult intubation. It was introduced in 1985 and has been cited in numerous publications since then. However, the accuracy of the Mallampati test has been questioned a number of times and there is controversy about its value 4, [6] [7] [8] . On the other hand it still remains a clinical assessment method that many anesthesiologists rely on.
In an extensive systematic review 4 on 34,513 patients in 42 studies, Lee et al. found poor to good accuracy of the Mallampati test. The weak point of this meta-analysis is the fact that sometimes the complete data from the original articles are not available or they may be of different quality due to dissimilar criteria used.
The original Mallampati test 2 used three classes (Class 1 -faucial pillars, soft palate and uvula could be visualized, Class 2 -faucial pillars and soft palate could be visualized but the uvula was masked by the base of the tongue, Class 3 -only soft palate could be visualized). The modification of Samsoon and Young 3 (MMT) describes four classes (Table 1) and today, this scoring system is usually referred to when talking about the Mallampati test.
The laryngoscopic view grading may be differently described in the literature, too. Mallampati originally used a four-grade scale 1,2 (Grade 1 -glottis could be fully exposed, Grade 2 -glottis could be partly exposed [anterior commissure not visualized], Grade 3 -glottis could not be exposed [corniculate cartilages only could be visualized], Grade 4 -glottis including corniculate cartilages could not be exposed). Grades 1 and 2 were considered "adequate exposure" and Grades 3 and 4 "inadequate exposure." For our study, we used the most commonly applied scoring system by Cormack and Lehane 5 . This also consists of four grades, however, Grades 3 and 4 are somewhat different (Table 2 ) from the original scale by Mallampati et al. 2 . Although the original article by Mallampati et al. 2 reported neither positive predictive value nor sensitivity or specificity, it contained raw data. These were used for calculating the appropriate statistical values to be compared with our study (Table 4) . We could not confirm the optimistic results of Mallampati et al. 2 . The two studies must be compared with caution despite the fact that they deal with the same problem (prediction of laryngoscopic view). In our study, slightly different criteria were used for describing both the quality of the laryngeal view and the visibility of the oropharyngeal structures. This can be an additional source of different results.
The modest degree of accuracy is not the only limitation of the modified Mallampati test. There are a large number of other factors that may be based on improper clinical assessment. The inter-observer reliability of the MMT can be poor (kappa as low as 0.31) 9 . The visibility of the oropharyngeal structures also depends on the patient's position during examination. The classical Mallampati test is done in the sitting patient, with his/her head in the neutral position. However, when performed in the supine position, the test may have a higher positive predictive value and is associated with more true positives than assessment in the sitting position [10] [11] [12] . The specificity and positive predictive value of the MMT can be improved when performed in the sitting patient with extension of the craniocervical junction 13 . MMT is also influenced by the patient's ethnic group: tracheal intubation may be more difficult in Asian than Caucasian patients 14 . The incidence of modified Mallampati Classes 3 and 4 also increases during labor compared with the pre-labor period 15 , and these changes are not fully reversed within 48 hours after delivery 16 . Our study has several limitations that are primarily due to logistic conditions. All the data were collected during a two-month anesthetic care provided in busy operating theatres. The examinations were not blinded; the same anesthesiologist assessed both the modified Mallampati test and laryngoscopic view. Forty-five anesthesiologists with different expertise were involved in assessing the patients and this may be a potential source of bias.
On the other hand, this also reflects the heterogeneity of routine clinical practice, which may paradoxically be considered an advantage of the study 13 . However, we could not demonstrate a correlation between the length of the anesthesiologist's practice and his/her assignments of patients to either modified Mallampati classes or laryngoscopic view grades.
We used impaired laryngoscopic view as a sign of difficult intubation. The definition of difficult intubation is usually based on the presence or absence of several features. These may include total preclusion of intubation, number of intubation attempts, easy advancement of the endotracheal tube into the trachea and duration of intubation. However, the quality of the laryngoscopic view during direct laryngoscopy is considered the most important factor.
We studied a larger group (1,518 patients) than Mallampati et al. 2 (210 patients). In their study, Mallampati et al. reported a higher proportion of patients with inadequate glottis exposure (28 cases out of 210 patients, 13.3%) compared to our results (48 cases out of 1,518 patients, 3.2%; p < 0.0001).
Using the MMT, we failed to detect as many as 35.4% patients in whom the glottis exposure during direct laryngoscopy was found inadequate (64.6% sensitivity). The specificity was higher in the original article than in ours (99.5% vs. 82.4%; p < 0.0001).
Sensitivity and specificity are dependent parameters with negative correlation. When the sensitivity increases, the specificity usually decreases and vice versa. The preanesthetic examination of the airways should be primarily aimed at detecting as many patients with difficult airways as possible. This is necessary for minimizing the risk of unanticipated difficult/failed intubation 17 . From this point of view, the sensitivity of a test may be a more valuable parameter for predicting difficult intubation than its specificity.
From the data in the original article by Mallampati 2 , very high positive and negative predictive values could be calculated. While the NPV in our study was even higher than in the original article (98.6% vs. 92.8%; p < 0.0001), the PPV was significantly lower (10.7% vs. 93.3%; p < 0.0001). This demonstrates that compared to Mallampati's article, there was a lower percentage of correctly predicted difficult intubations as a proportion of all predicted difficult intubations (PPV), and a higher percentage of correctly predicted easy intubations as a proportion of all predicted easy intubations (NPV).
The test for predicting difficult intubation should have high accuracy, sensitivity and positive predictive value to identify all patients in whom intubation will be difficult 17 . Apparently, no clinical test, the Mallampati scoring system being no exception, can meet these criteria when used alone. Effective and reliable prediction requires a com-Mallampati test as a predictor of laryngoscopic view bination of several parameters (e.g. age, height, weight, BMI, MMT, head and neck movement, dentition status, upper lip bite test [18] [19] [20] , interincisor gap 17, 21, 22 , and thyromental distance 17, 22, 23 ). Usually, the more parameters are used, the higher is the accuracy of prediction. On the other hand, it is impractical to perform a large number of time consuming tests before general anaesthesia. The ongoing research aimed to identify the factors and their combinations that are relevant for prediction. So far, a number of models for predicting unanticipated difficult intubation have been described 17, 21, 22 , but none have a 100% accuracy. It follows therefore that the anesthesiologist must always be prepared to manage difficult airway when such a problem arises.
CONCLUSION
The modified Mallampati test is a simple clinical assessment to predict inadequate exposure of the glottis and consequently difficult tracheal intubation. When used alone, it is of limited value and cannot be relied on.
